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BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a circuit board 
preferably used in a semiconductor device such as having 
a land grid array (LGA) and a ball grid array (BGA). 

(b) Description of the Related Art 

Recently, a multi-layered circuit board of higher 
integration is required for fabricating a semiconductor 
device package with smaller dimensions. 

The circuit board for meeting the above requirement 
generally includes a base member mounting thereon a 
plurality of interconnect layers which sandwich dielectric 
layers therebetween. The base member includes a first 
and a second interconnect layers on the respective 
surfaces thereof, and the interconnect layers are 
connected with each other through a via-hole formed in 
the base member. 

In such a circuit board, a relatively large part of the 
dielectric layer is externally exposed. When the circuit 
board is exposed to a higher humidity atmosphere, 
moisture enters into the rear surface of the dielectric 



layer through the externally exposed portion. 

When the first and the second interconnect layers 
are formed by conductive materials having different 
coefficients of thermal expansion, a crack may be 
5 generated in the circuit board by the warp in case of a 
rapid temperature change. 

The above problem incurs lower reliability of such 
as having a lower packaging rank and failing in the 
temperature cycle test. In order to suppress the above 
10 problem, it is proposed that the interconnect layers and 
the dielectric layers be formed by materials having 
substantially same coefficients of thermal expansion or 
the thicknesses of the respective interconnect layers be 
increased 

15 However, the selection of the specific materials at 

the time of fabricating the circuit boars is burdensome 
and raises the cost. Further, the increased thickness 
makes the entire circuit board larger not to meet the 
recent demand of the miniaturization. 

20 JP-A-6(1994)-69212 describes a circuit board 

including a dummy conductive film covering an 
interconnect conductive film with an intervention of a 
dielectric film. JP-A-7(1995)-154039 describes a circuit 
board including a dummy conductive pattern formed in a 

25 dielectric region having a specific area larger than a circle 



having a radius of 1 mm. JP-A-10(1998)-341077 describe 
a circuit board including a dummy conductive layer 
covering an opening of a via-hole with an intervention of 
a dielectric film. Although each of the above publications 
describes suppression (prevention) of the crack 
generation, none of them describes a method for 
overcoming the ingress of the moisture into the rear 
surface of the dielectric layer. 

JP-A-11(1999)-154679 describes a circuit board 
including a dummy via-hole in the vicinity of a via-hole. 
JP-A-ll(1999)-260962 describes a circuit board including 
a dummy interconnect projected from a conductive 
interconnect. Although each of these publications 
describes the prevention of the film peeling-off at the 
bottom surface of the via hole by dispersing a stress, and 
the suppression of the increase of the thermal distortion 
by elevating the rigidity of the dielectric film, none of 
them describes a method for overcoming the ingress of 
the moisture into the rear surface of the dielectric layer, 
similarly to the above publications. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present 
invention is to provide a circuit board meeting the recent 
demand of the miniaturization and the reduction of cost 



in addition to satisfying the higher packaging rank and 
the temperature cycle test. 

Thus, the present invention provides a circuit board 
including a base member, an interconnect layer formed on 
a part of the base member, an electrically -floating 
conductive layer formed on a substantially remaining 
part of the base member and having an edge adjacent to 
an edge of the interconnect layer, and a dielectric layer 
covering a part of the interconnect layer and an entire 
surface of the electrically-floating conductive layer and 
filling a gap between the edge of the interconnect layer 
and the edge of the electrically-floating conductive layer. 

In accordance with the present invention, almost all 
the surface of the base member is covered with the 
interconnect layer and the floating conductive layer 
disposed parallel to each other on a substantially single 
plane. 

Accordingly, the moisture does not enter into the 
rear surface of the dielectric layer through the externally 
exposed portion because of the existence of the floating 
conductive layer, thereby providing the circuit board 
having a higher packaging rank and fabricated with 
lower cost. 

Further, because of the existence of the floating 
conductive layer, the thickness of the interconnect layer 




can be reduced to provide the circuit board having the 
reduced thickness, thereby meeting the demand of the 
miniaturization. 

The above and other objects, features and 
5 advantages of the present invention will be more 
apparent from the following description. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig.l is a vertical sectional view showing a circuit 
10 board in accordance with a first embodiment of the 
present invention. 

Fig. 2 is a top plan view showing the circuit board of 
Fig.l. 

Fig. 3 is a bottom view showing the circuit board of 
15 Fig.l. 

Fig.4 is a top plan view showing the circuit board of 
Fig.l after an interconnect layer and a floating 
conductive layer are formed. 

Fig. 5 is a bottom view showing the circuit board of 
20 Fig.4. 

Fig.6 is a top plan view showing a circuit board in 
accordance with a second embodiment after an 
interconnect layer and a floating conductive layer are 
formed. 

25 Fig. 7 is a top plan view showing a circuit board in 




accordance with a third embodiment after an 
interconnect layer and a floating conductive layer are 
formed. 

Fig.8 is a vertical sectional view showing a circuit 
5 board in accordance with a fourth embodiment. 

Fig.9 is a vertical sectional view showing a circuit 
board in accordance with a fifth embodiment. 

PREFERRED EMBODIMENTS OF THE INVENTION 
10 Now, the present invention is more specifically 

described with reference to accompanying drawings. 

As shown in Figs.l to 5, a circuit board (double 

layered interconnect structure) 11 in accordance with a 

first embodiment includes an interconnect layer 13, a 
15 floating conductive layer (electrically-floating conductive 

layer) 14 and a dielectric layer 15 stacked on both 

surfaces of a base (core) element 12. 

The base member 12 is formed by a dielectric plate 

made of, for example, eposy resin having a plurality of 
20 penetrating holes 12a. The inner surfaces of the 

penetrating holes 12a are plated with a substance such as 

a metal using a catalyst for forming via-holes 16. 

The interconnect layer 13 includes a top 

interconnect layer 17 and a bottom interconnect layer IS 
25 formed on the both surfaces of the base member 12, and 



parts of the interconnect layers 17, 18 are externally 
exposed. The surface of the interconnect layer 13 is 
chemically treated (surface -roughing) for elevating the 
bonding between the interconnect layer 13 and resin or 
solder resist. 

The top interconnect layer 17 is connected to an IC 
pad (not shown) through a bonding wire (not shown), and 
is formed by using interconnect patterns having a larger 
width as shown in Fig.4. Accordingly, a relatively larger 
surface area of the top surface of the base member 12 is 
covered with the top interconnect layer 17. 

The bottom interconnect layer 18 includes a land 19 
which may be soldered to a system circuit board (not 
shown) and is connected to the via holes 16. The volume 
of the bottom interconnect layer 18 is adjusted to be the 
same as that of the top interconnect layer 17, thereby 
sxippressing the generation of a stress due to the warp of 
the base member 12. 

When the surface areas of the both interconnect 
layers 17, 18 including the floating conductive layers are 
different from each other, the thickness of the layers are 
adjusted such that the volumes of the both layers become 
identical. 

When, for example, the layer areas of the top 
interconnect layer 17 and the bottom interconnect layer 



18 are assumed to be 1 cm 2 and 0.8 cm 2 , respectively, the 
thicknesses of the top interconnect layer 17 and the 
bottom interconnect layer 18 (t x and ta) are determined 
such that an equation "1 x t x = 0.8 x t 2 " is satisfied, 
s Thereby the warp of the circuit board (base member) 11 
generated in the package fabrication step and influencing 
the conveyance can be suppressed and the warp stress 
generated in the interconnect layer 17 having the larger 
surface area can be reduced. Accordingly, the circuit 
o lo board 11 can be fabricated having the higher packa ging 
rank and the improved mass-productivity and reliability 
and satisfying the temperature cycle test. 

By the way, the packaging rank of the circuit board 
Id having the four- layered structure was measured and the 
p is circuit board was subjected to the temperature cycle test 
jij (-65 °C to 150 °C). The packaging rank of the subject 
j; circuit board defined by JEDEC was "Level 3" while that 
~" of the conventional circuit board was "Level 5". The 
number of cycles endured by the subject circuit board was 
20 500 while that of the conventional circuit board was less 
than 100. 

The floating conductive layer 14 includes a top 
fLoating conductive layer 20 and a bottom floating 
conductive layer 21 formed on each of the sxirfaces of the 
25 base member 12. The surface of the floating conductive 



layer 14 is chemically treated (surface -roughing) for 
elevating the bonding between the floating conductive 
layer 14 and resin or solder resist. 

The top floating conductive layer 20 and the bottom 
5 floating conductive layer 21 are disposed between the 
base member 12 and a dielectric layer 15 such that the 
floating conductive layers 20, 21 fill space regions 
extending, with a specific interval, in directions 
perpendicular to the thicknesses of the top interconnect 
^ lo layer 17 and the bottom interconnect layer 18, 
:-5 respectively. Accordingly, the floating conductive layers 
l-J 20,21 do not exert an inverse effect such as short-circuit 
ffl to the top interconnect layer 17 and the bottom 
interconnect layer 18, and cover almost all the surfaces of 
P 15 the base member 12. The top floating conductive layer 20 
[",- and the top interconnect layer 17 are disposed parallel to 
;J each other on the single plane, and the bottom floating 
H conductive layer 21 and the bottom interconnect layer 18 
are disposed parallel to each other on the single plane. 
20 The dielectric layer 15 includes a top dielectric layer 

15a (for example, solder resist) and a bottom dielectric 
layer 15b (for example, solder mask), which, respectively, 
cover the top interconnect layer 17 and the top floating 
conductive layer 20, and the bottom interconnect layer 18 
25 and the bottom floating conductive layer 21, other than 




the exposed portions. 

An openings 22 for wire bonding pad is formed on 
the top dielectric layer 15a, and a resist mask 23 is 
formed on the periphery of the opening 22 in an upward 
projecting fashion. 

The material used for die-mounting includes an Ag- 
paste-based material and a tape-shaped material. When 
the Ag-paste-based material is used, the resist mask 23 is 
applied twice for increasing the thickness, or the distance 
between the bonding pad (exposed portion of the top 
interconnect layer 17) and the die is sufficiently increased 
for preventing the short-circuit due to the exudation of 
the Ag-paste-based material. 

An openings 24 for land bonding is formed on the 
bottom dielectric layer 15b. 

In the circuit board 11 thus fabricated, the ingress 
of the moisture into the rear (bottom) surface of the top 
dielectric surface 15a and into the rear (top) surface of the 
bottom dielectric surface 15b can be prevented. Further, 
the materials having coefficients of thermal expansion 
different from each other can be used as those of the top 
interconnect layer 17 and bottom interconnect layer 18. 
Accordingly, the selection of the specific material is 
unnecessary different from the conventional circuit board 
fabrication. 



In the first embodiment, the thickness of the entire 
circuit board can be reduced because the increase of the 
thickness of the interconnect layer is unnecessary for 
preventing- the generation of the cracks in the circuit 
board. 

Although the interconnect pattern having the lager 
width is used in the top interconnect layer 17 in the first 
embodiment, the pattern width is not restricted thereto. 
As shown in Fig.6 illustrating a circuit board of a second 
embodiment, a top interconnect layer 61 can be formed by 
using an interconnect pattern having an ordinary width 
having no inverse effect on the high speed operation 
when the circuit board is used in a high speed 
semiconductor integrated circuit having no or little 
margin to operation speed. 

The number of the interconnect layers, the planer 
shape and the layout of the circuit board are not 
restricted to the first and second embodiments. As shown 
in Fig. 7 illustrating a circuit board of a third embodiment, 
a top interconnect layer 71 having a shape with right 
angles may be used, 
f As shown Fig. 8 illustrating a circuit board of a 

fourtlJi embodiment, the circuit board 81 has a triple 
layered/interconnect structure, that is, includes a top 
interconnect layer (not shown) on the top surface of the 



base member 12 having the same configuration as that of 
the first embodiment, and a first bottom interconnect 
layer,82vmd a second bottom interconnect layer 83 on the 
bott®m/&arface of the base member 12. The circuit board 
81 jfurther includes a floating conductive layer 84, a first 
lectric layer 85 and a second dielectric layer 86. 

Part of the first bottom interconnect layer 82 is 
externally exposed for forming a land section 87. 
2^^> r FJ^ e second bottom interconnect layer 83 is disposed 
overling the first bottom interconnect layer 82 and the 
first/ duAlectric layer 85 and sandwiching the second 
dielectric layer 86, or disposed between the base member 
1^ and the second dielectric layer 86. 

The floating conductive layer 84 and the first 
bottom interconnect layer 82 are disposed such that, if 
the floating conductive layer 84 does not exist, a portion 
(indicated by a chain line "A") in which a crack "C" is 
likely generated is sandwiched thereby and the floating 
conductive layer 84 fills the space region near the second 
bottom interconnect layer 83. The floating conductive 
layer 84 and the second bottom interconnect layer 83 are 
disposed on the single plane. The first bottom 
interconnect layer 82 and the first dielectric layer 85 are 
disposed oirthe single plane. 

^ ^7 Theyfi^tdielectric layer 85 partially covers the first 




bottom interconnect layer 82 and sandwiches, with the 
floating'^conductive layer 84 and the second bottom 
interconnect layer 83, the second dielectric layer 86. 

In the circuit board thus configured, almost all the 
surfaces of the base member 12 are covered with the 
second bottom interconnect layer 83 and the floating 
conductive layer 84. Accordingly the selection of the 
specific material is unnecessary similarly to the first 
embodiment. 

V lT )f tlie present embodiment, the generation of the 
J^crackl"C" in the second dielectric layer 86 between the 
base | member 12 and the first dielectric layer 85 is 
supnm^ed by the presence of the floating conductive 
laye|rpM^or the floating conductive layer 84 acts as a 
crafok stopper for the second dielectric layer 86. 
Accordingly the thickness of the entire circuit board can 
hi reduced similarly to the first embodiment. 
' As shown Fig.9 illustrating a circuit board of a fifth 
embodiment, the circuit board 91 has a double layered 
interconnect structure, that is, includes an interconnect 
layer 92 and a die 93, and further includes a floating 
conductive layer 94 and a dielectric layer 95 overlying the 
base member 12 having the same configuration as that of 
the first embodiment. 

The interconnect layer 92 is layered on the base 



# * 



member 12 and part of the interconnect layer 92 is 
externally exposed. 

The die 93 overlies the base member 12 and 
sandwiches, with the base member 12, the interconnect 
layer 92, the floating conductive layer 94 and the 
dielectric layer 95. 

The floating conductive layer 94 fills the space region 
near the interconnect layer 92 and is disposed such that, 
if the floating conductive layer 94 does not exist, a portion 
(indicated by a chain line "B") in which a crack "C" is 
likely generated is supported thereby. The floating 
conductive layer 94 and the interconnect layer 92 are 
disposed on the single plane. 

The dielectric layer 95 covers part of the 
interconnect layer 92 and the whole floating conductive 
layer 94 between the base member 12 and the die 93. 

In the circuit board thus configured, almost all the 
surfaces of the base member 12 are covered with the 
interconnect layer 92 and the floating conductive layer 94. 
Accordingly, the selection of the. specific material is 
unnecessary similarly to the first embodiment. 

In the present embodiment, the generation of the 
crack "C" in the dielectric layer 95 between the base 
member 12 and the die 93 is suppressed by the presence 
of the floating conductive layer 94. Accordingly, the 



thickness of the entire circuit board can be reduced 
similarly to the first embodiment. 

Since the above embodiments are described only for 
examples, the present invention is not limited to the 
above embodiments and various modifications or 
alterations can be easily made therefrom by those skilled 
in the art without departing from the scope of the present 
invention. 



